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[57] ABSTRACT 

A frequency synthesizer used for a frequency modula- 
tion (FM) transceiver which uses negative feedback to 
make the modulation characteristics linear and stable 
over a wide frequency range. The negative feedback is 
comprised of a frequency mixer, which mixes the out- 
puts of a local oscillator and a voltage controlled oscil- 
lator, and a frequency divider and demodulator, which 
act on the output of the frequency mixer and supply the 
demodulated output signal to an adder, where it is 
added in reverse phase to the modulating signal. 

10 Claims, 3 Drawing Figures 
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generating in response to the reference oscillation a 

FM TRANSCEIVER FREQUENCY SYNTHESIZER local oscillation signal for reception of an incoming 

carrier wave; a voltage-controlled oscillator means 

BACKGROUND OF THE INVENTION responsive to a control signal for generating an outgo- 

The present invention relates to a frequency synthe- 5 in 8 carrier wave for transmission; a first frequency di- 

sizer and, more particularly, to a frequency synthesizer . v »der means for frequency-dividing by a prescribed, 

used for a frequency modulation (FM) transceiver. rati o the frequency of the outgoing carrier wave in 

An FM transceiver which has multiple frequency response to a transmission channel designation signal; a 

channels needs a local oscillation frequency for recep- phase comparator means for comparing the phases of 

tion and a carrier frequency for transmission. These 10 the output of the first frequency divider means and that 

frequencies have to be changed depending on the fire- of the reference oscillation; a lowpass filter means for 

quency appropriation for the channels. A frequency filtering the output of the phase comparator means and 

synthesizer having a phase locked loop (PLL) is often supplying the filtered output to the voltage-controlled 

used as a source of high frequency oscillation adapted to . oscillator means as the control signal; a frequency mixer 

such frequency change. One example of such frequency 15 means for frequency-mixing the output of the oscillator 

synthesizer is disclosed in the pending U.S. patent appli- means arid that of the voltage-controlled oscillator 

cation Ser. No.157,797 by Y. Mizota, entitled "Radio means to provide a signal representative of a frequency 

Subscriber System", assigned to the present applicant equal to the frequency difference between them; means 

and filed on June 9, 1980, now U.S. Pat No. 4,373,205. f or adding a modulating signal to the control signal to 

In a frequency synthesizer of this type, which will be 20 supp]y ^ sum of ^ voltage-controlled oscillator 
described later in greater detail, the output of a refer- meanS; ^ means for nega tively feeding back the out- 
ence oscillator is led to both a first oscillator circuit put of the freque ncy mixer means to the adding means 
with the PLL for transmission and a second one similar. ^ ^ ±e modulation sensitivity of the voltage-con- 
to the first one for reception. Each .oscillator ^circuit ^ trolled oscillator means to the modulating signal is sub- 
having the PLL includes a variable frequency divider, « stantiall constant over a broad range of the frequency 
whose drnding ratio is varied with a channel designa- md over a bf0ad ran ■ of ^ leV el of the modulating 
tion signal, thereby to provide the transmission or re- signal, 
ception frequency. The PLL-equipped oscillator circuit ■ 

for transmission is used also as a modulator, in which a BRIEF DESCRIPTION OF THE DRAWINGS 
^^!^ t Z^£^^^J^f^ 30 °* er ^tures and advantages of the present inven- 
■^$&£&$&SSS££&$& wUl beco m e ntore apparent from^ detailed de- 
output and the refeenJoscillation . «npt,on hereunder taken in conjunct™ with the ac- 

The frequency deviation Af present in the above- drawmgs, wherem: 

mentioned VCO output .within the PLL' is given by: v 35 fj^^cy^y^^^^f diagram of a conventional 

Af=K r v w . (i) FIG. . 2 is a schematic block diagram illustrating a 

frequency synthesizer, embodying the present invention; 

wherein K v (Hz/V) is the modulation sensitivity of the and 

VCO and V m (V), the level of the modulating signal. 40 FIG- 3 is a schematic block diagram illustrating an- 

Therefore, in order to achieve sufficiently linear and other frequency synthesizer embodying the present 

stable modulation, the modulation sensitivity K„ is re- invention. 

quired to be lineai -oyer a wide range of the modulating DESCRIPTION OF THE PRIOR ART 

signal voltage and stable over a broad frequency and t 

temperature range. . 45 Referring to FIG. 1, a conventional frequency syn- 

The modulating sensitivity K»,of a conventional FM thesizer has a reception oscillator circuit 1 and a trans- 
transceiver of this type is not stable enough to satisfy mission oscillator circuit 2, from whose output terrrii- 
these requirements, unless a complicated circuit struc- nals 3 and 4 are supplied, respectively, the local oscilla- 
ture is relied on. tion signal for reception and the carrier wave for trans- 
_ TTWW . _ * __ — — 50 mission. The oscillator-circuit 1 is composed of a.PLL 
SUMMARY OF THE INVENTION : circuit ^ v^tage^omfblled oscillator (VCO) 

An. object of the present invention, therefore, is to H a frequency divider 12, a phase comparator 13 and a ... 
provide a frequency synthesizer having an FM function low-pass filter (LPF) 14 to constitute a phase-locked 
whose modulation characteristics are made linear and loop; The frequency divider 12 is provided with a re- 
stable over a wide frequency range, without employing 55 ception channel designation signal from a tenninal 15. 
any additional circuit elements for the VCO constitut- The transmission oscillator ckcujt3.also is composed of 
ing the synthesizer. a PLL circuit including a VCO 21, a frequency divider 

The present invention is characterised in that a por- 22, a phase comparator 23 and an LPF 24. To the fre- 

tion of the modulated carrier wave obtained at the out- quency divider 22 is provided a transmission channel 

put of the PLL-equipped oscillator is demodulated into 60 designation signal from a tenninal 25. In response to the 

the modulating signal, which is then added to the modu- channel designation signals supplied from the tenninals 

lating signal itself in a reverse phase to achieve a nega- 15 and 25, the frequency dividing ratios of the fre- 

tive feedback, thereby to stabilize the modulation char- quency dividers 12 and 22 are varied to alter the output 

acteristic over a broad frequency range and a wide frequencies of the oscillator circuits 1 and 2. 

range of the modulating signal voltage. 65 The phase comparators 13 and 23 are respectively 

According to the present invention, there is provided provided with a reference frequency signal from a fre- 

a frequency synthesizer comprising: means for generat- quency divider 7, with which an output of a single 
ing a reference oscillation; and oscillator means for . reference oscillator 6 is frequency divided. A modulat- 
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ing signal is provided to terminal 26 of the oscillator 

circuit 2 and this modulating signal is added to the out- ;V (4) 

put of the LPF 24 and supplied to the control input of ^ = K D ' Vm 

theVC0 21. 

In response to the modulating signal, there arises a 5 Therefore, the frequency deviation Af depends on the 
frequency deviation Af in the carrier frequency supplied demodulation sensitivity Ko of the demodulator 33. 
to the terminal 4. Thus, the oscillator circuit 2 constitut- The stability of the demodulator 33 is easy to achieve 
ing a part of the synthesizer also serves as a modulator. because the input thereto has a frequency which is low- 
If the cut-off frequency of the LPF 24 is selected to be ered by the mixer 31 and the frequency divider 32 into 
lower than the lowest frequency of the modulating 10 a frequency considerably lower than the carrier output 
signal, the LPF operates stably without being affected frequency supplied from the VCO 21. Moreover, where 
by the modulating signal. However, since the stability frequencies are so arranged that the difference between 
and linearity of a modulator of this type vary with the the transmission frequency and the reception frequency 
operating frequency and with the voltage level of the is constant as described above, the output frequency of 
modulating signal and the modulation sensitivity of the 15 the mixer 31 is constant, and so is the input carrier fre- 
VCO 21 as stated above, the improvement in such char- quency of the demodulator 33. Therefore, it is sufficient 
acteristics of the modulator cannot be achieved without for the sensitivity Ko to be kept constant at a single 
making the VCO 21 further complicated for a higher frequency. As a result, the designing and production of 
modulation sensitivity, stability and so forth. 2Q the whole circuit is facilitated. 

DFTAIT FD DFSrRIPTTOM OF PRFFFHRFn Further, even if distortion arises due to poor linearity 

DETAILED D ^^^^NOF PREFERRED of the mod ulation sensitivity K» such distortion can be 
EMBODIMENTS negated by the aforementioned negative feedback. 

Referring to FIG. 2 in which like structural elements Referring to FIG. 3, a second preferred embodiment 
are denoted by like reference numerals, one embodi- 2 s of the present invention shown therein is suitable for use 
ment of the present invention has a circuit structure where the difference between the transmission fre- 
suitable for use where frequencies are so arranged that quency and the reception frequency varies with the 
the difference between the transmission frequency and channels. Thus, the output frequency of the mixer 31 
the reception frequency will be constant. varies with the channels. The reception and transmis- 

Both the local oscillation and the carrier wave pro- 30 sion frequencies are changed by channel designation 
vided at the terminals 3 and 4 are supplied to a mixer 31 signals supplied through the terminals 15 and 25 from a 
to provide a signal of a frequency equal to the fre- channel controller 38, to which a channel designation 
quency difference between the local oscillation and the si S nal * supplied through a terminal 39. A frequency 
carrier wave. The output of the mixer 31 is frequency- divider 32' is of the variable type, whose frequency 
divided by a frequency divider 32, and is then demodu- 35 div »ding ratio is so varied that the frequency of the input 
lated by a demodulator 33. The demodulated output t0 the demodulator 33 may not substantially change 
signal equivalent to the modulating signal is added to even if the out P ut frequency of the mixer 31 changes. At 
the modulating signal in a reverse phase by supplying the same time ' the level v * of the modulating signal has 
the demodulated output signal to the negative terminal t0 be chan S ed because the change in the frequency 
of an adder circuit 35 comprised of a differential ampli- 40 dividing ratio N results in a change in the frequency 
fier and supplying the modulating signal to the positive deviat «o n ^ predicted by Equation (4) given above, 
terminal of the adder circuit 35 via the terminal 34. The ™ e * ir * u, \ for th, f is a ,evel controller 37 

output of the adder circuit 35 is applied to the control , Ich leveI " controls the modulating signal supplied 
input of the VCO 21 via the terminal 26 from the term,nal 34 and then supplies the same to the 

The circuit including the mixer 31, the frequency « ^der circuit 35. Control signals for the level controller 
divider 32, the demodulator 33 and the adder 35 consti- 3 V nd the .. frec ?" enc y dlv,der 32 m S |ven b * the chan " 
tutes a negative feed back circuit for the modulating nel controller 38. 

signal. Accordingly, the frequency deviation Af (Hz) of The # le ; e J C * ang f. rat fJ ° f K the ^ c ° ntro,,er 3 !' as 
the output of the VCO 21 due to the frequency modula- S " g f S * d ^.Equation (4) above, should most prefera- 
tion is given by 50 y reciprocal of the change rate of the frequency 

dividing ratio N so that N-V m will be constant. 
Further, the present invention is also applicable to a 
y_ 5l Vm < 2 > circuit composition in which the reception oscillator 

1 + * F *° m circuit 1 is a quartz-controlled oscillator or the like 

N 55 instead of a PLL. Such a circuit composition would be 

. . . . ... „ suitable for use where the reception frequency need not 

, ] lS modu,atlon sensitivity of the be changed and only the transmission frequency is var- 
VCO 21; Kp (V/Hz), the demodulation sensitivity of j ed , i n that case, the same effects can be achieved, 
the demodulator 33; N, the frequency dividing ratio of A s hitherto described, according to the present in- 
the frequency divider 32; and V m (V), the level of the ^ vention, a signal derived from the modulated carrier 
modulating signal supplied at the terminal 34. If the wave is negatively fed back to the modulating signal, so 
modulation sensitivity K K is set at a value large enough that the nonlinearity of the modulation is cancelled, 
to satisfy This significantly improves the linearity of modulation. 

Whereas the stability of modulation characteristics is 
k v> > N - (3) 65 determined by the sensitivity of the low-frequency ope- 

K ° rating-demodulator included in the negative feedback 

loop, such a demodulator can be readily designed and 
the following relationship holds: produced to be sufficiently stable so as to substantially 
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improve the stability, of the modulation characteristics. tion signals in accordance with a channel designa- 

The present invention can be embodied without altering don signal; and 

the high frequency VCO circuit, requiring only an addi- second adding means for adding the output signal of 

tional which can be readily applied to those employed said demodulator means to the output signal of said 

in the conventional circuit. ■ 5 level controller means in reverse phase. 

What is claimed is: 4. A transceiver frequency synthesizer comprising: 

1. A transceiver frequency synthesizer comprising: means for generating a reference oscillation signal; an 
means for generating a reference oscillation; an oscilla- oscillator means responsive to said reference oscillation 
tor means for generating in response to said reference signal for generating a local oscillation signal for use in 
oscillation a local oscillation signal for use in receiving 10 receiving an incoming carrier. wave, the frequency of 
an incoming carrier wave, the frequency of said local said local oscillation signal being changed in response to 
oscillation signal being changed in response to a recep- a transmission channel designation signal; a carrier 
tion channel designation signal; : a voltage-controlled means responsive to a control signal and to said refer- 
oscillator means responsive to a control signal for gen- oscillation signal for generating an outgoing car- 
erating an outgoing carrier wave for use in transmission; 15 ner- wave for use in transmission, the frequency of said 
a first frequency divider means for frequency-dividing outgoing carrier wave being changed in response to a 
by a prescribed divisor the frequency of said outgoing transmission channel designation signal; difference 
carrier wave in response to a transmission channel des-: for generating a difference signal representing 
ignation signal; a phase comparator means for compar- the frequency difference between said local oscillation 
ing the phases of the output signal of said first frequency 20 «d said outgoing carrier wave; adding means for 
divider means and said reference oscillation; a lowpass combining a modulating signal and said difference sig- 
filter means for filtering the output signal of said phase providing the sum as said control signal to 
comparator means and supplying a filter output signal . ^. carn u er means j *?£ fee ^ back for negatively 
to said voltage^ontrolled oscillator means as a portion „ ^8 back said difference signal via ^said adding 
of said control signal; a frequency mixer means for 25 raeans ^^v^^W rf^cun*- 
frequency-mixing Uie output signal of said oscillator means *? m odulat»ig «gnal is substantially constant 
means and that of said voltage-controlled oscillator °£ r ^ broad range of outgoing earner wave frequen- 
means to provide a difference signal representative of a CM ? ™ d t OVer a bro ^ ran « e of ^vels. 
frequenc/difference between th«n; first adding means , n J{^J^^ Sy ^ eS12er » * launed * 

foradding a modulating signal to said filter output sig- 30 ° l " m *' ™ ^^T% d ?*™<**^*™* 
i At U1U "^*H"5 »«u uui F ui Mft outgoing earner and local oscillation signals is constant, 

nal and for providing the sum to said voltage-controlled an/whLin said difference means includes a mixer for 
oscdlator means as said control signal; and means for. mixin g out g oi „ g and local oscDlation signals 
negatively feeding back said difference signal to ^ to roduce ^ difference si ^ md wherdn ^ * 
first adding means so that the modulation sensiuvuyof 35 ative feedback means comprises a frequency divider 
said voltage-controlled ^ oscillator means to said^modu- means for f req uency-dividing said difference signalbya 
latmg signal is substantially constant over a broad range preS cribed divisor; a demodulator means for frequency- 
of the outgoing earner wave, frequencies and over a demodulating the output signal of said frequency di- 
broad range of raodulaung signal levels. vider means; and wherein said adding means comprises 

2. A transceiver frequency synthesizer as claimed in 40 - m MeT for adding ^ output signal of said demodula- 
claim 1, wherein the frequency difference between said tor means t0 ^ modulating signal supplied to said 
local oscillation signal and said outgoing carrier wave is adding means in reverse phase. 

constant, and wherein said negative feedback means 6 . A transceiver frequency synthesizer as claim in 
comprises a second frequency divider means for fre- claimed 4, wherein the frequency difference between 
quency-dividing said frequency difference by a respec- 45 said outgoing carrier and local oscillation signals varies 
tive presenbed divisor, a demodulator means for fre- w j t h a channel designation signal, and wherein said 
quency-demodulating the output signal of said -second difference means includes a mixer for mixing said out- 
frequency divider means; and a second adding means going carrier and local oscillation signals to produce 
for adding the output signal of said demodulator means said difference signal, and wherein said negative feed- 
to said modulating signal, supplied to said first adding 50 back means comprises a frequency divider means for 
means, in reverse phase. frequency dividing said difference signal by a variable 

3. A transceiver frequency synthesizer as claimed in divisor in accordance with a divisor control signal; a 
claim 1, wherein the frequency difference between said demodulator means for frequency^demodulating the 
local oscillation signal and said outgoing carrier wave output signal of said frequency divider means; a level 
varies with a channel designation signal, and wherein 55 controller means for controlling the level of said modu- 
said negative feedback means comprises a second fre- lating signal in accordance with a level control signal; a 
quency divider means for frequency dividing said fre- channel controller means responsive to said channel 
quency difference by a variable divisor in accordance designation signal for generating said divisor control 
with a divisor control signal; and level control signals and for generating said recep- 

a demodulator means for frequency-demodulating 60 tion and transmission channel designation signals; and 

the output signal of said second frequency divider wherein said adding means comprises second adding 

means; means for adding the output signal of said demodulator 

a level controller means for controlling the level of means to the output signal of said level controller means 

said modulating signal in accordance with a level in reverse phase. 

control signal; 65 7. A frequency synthesizer, comprising: 

a channel controller means for generating said divisor means for generating a reference oscillation signal; 

control and level control signals and for generating first oscillator means for generating a first oscillation 

said reception and transmission channel designa- signal in response to said reference oscillation sig- 
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nal, the frequency of said first oscillation signal 
being changed in response to a first control signal; 
second oscillator means for generating a second oscil- 
lation signal in response to said reference oscilla- 5 
tion signal and in response to a modulation control 
signal, the frequency of said second oscillation 
signal being changed in response to a second con- 
trol signal; 

difference means for receiving said first and second 10 
oscillation signals and generating a difference sig- 
nal representing the frequency difference between 
said first and second oscillation signals; 
combining means for negatively combining said dif- 
ference signal with a modulation signal to generate 
said modulation control signal. 
8. A frequency synthesizer as claimed in claim 7, 
wherein said combining means comprises a subtracter 
for subtracting said difference signal from said modula- 20 
tion signal. 



15 



9. A frequency synthesizer as claimed in claim 7, 
wherein the frequency difference between said first and 
second oscillation signals is constant, and wherein said 
difference means comprises a mixer for mixing said first 
and second oscillation signals and providing a mixer 
output signal, a divider for frequency dividing said 
mixer output signal and a frequency demodulator for 
frequency demodulating the output signal of said di- 
vider and for providing said difference signal. 

10. A frequency synthesizer as claimed in claim 9, 
wherein the frequency difference between said first and 
second oscillation signals varies with a third control 
signal, and said divider is a variable divider having a 
division ratio variable in accordance with a division 
control signal, said synthesizer further comprising a 
level control means for controlling the level of said 
modulation signal in accordance with a level control 
signal, and control means responsive to said third con- 
trol signal for generating said division and level control 
signals and said first and second control signals. 
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DATED 
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